Survey of Rhiw Gwraidd
11 June 2010

The Team: - John Barnard, Graham Jackson and Myrddyn Phillips.
1) Introduction
Rhiw Gwraidd (SO009634, Spot Height 442m.) is listed in Section 31B of Alan Dawson’s “The Relative Hills of Britain”.  In the April 2006 update it was classified as a “Twin Peak” Marilyn. This hill was surveyed by us on 23 September 2006 in order to try to find which of the twin peaks was the higher. (See Full Report – Surveying Gwastedyn Hill and Rhiw Gwraidd, 23 September 2006). However, with the equipment used, the surveying techniques employed and the conditions under which the survey was carried out, we were unable to identify the higher peak. The only conclusions we could draw were that the two peaks were of similar height and within 0.10m height of each other. Therefore, Rhiw Gwraidd still remained a “Twin Peak” Marilyn. 

Since 2006, we have purchased superior surveying equipment and have improved our techniques to gain greater measurement accuracy. Therefore, we now have carried out a second survey to try to identify the summit position of Rhiw Gwraidd and also to quantify the height difference between the “Twin Peaks”.

2) Equipment used and Conditions for Survey
Ground surveys to determine the positions of the summits and line surveys were carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. 

Conditions for the survey, which took place between 11.30hr and 15.30hr, were good. The weather was dry and warm, 15-20 degrees Celsius, but the light wind at times had a significant chilling effect. The sky was overcast for most of the day, but cleared by the end of the survey. Visibility all day was excellent.
3) The Survey
3.1) Character of Hill
The latest 1:25000 OS Map, see below, shows the summit area of Rhiw Gwraidd marked with two distinct tops, about 500m apart, and each marked with a spot height of 442m. The map shows two 440m ring contours near the Easterly 442m spot height, one 160m to the East North East and one 125m West of it, but neither of these are marked with a spot height. Our survey carried out in September 2006 concluded that the two high points in contention for the summit of Rhiw Gwraidd were the marked 442m westerly spot height and the highest point within the easterly 440m contour ring.
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Rhiw Gwraidd is a broad ridge which runs from approximately West to East for about 2km. The sides from all directions are quite steep and therefore the hill has a distinct appearance. Most of the lower slopes are either farm land set aside for grazing or wooded areas. On the East of the summit area there is a Television Station and further to the east the ground drops about 20m before rising again to another high point that contains an OS Trig Station marked at 439m. The summit area is covered with grass, some areas of bracken, but no heather. (In 2006 there was a significant amount of bracken around the East Top but that has been cleared). The slopes contained a wide variety of interesting wild flowers.
Access to the hill can be gained from the minor road to the South of the hill which leads into the Television Station access road, but not via Rights of Way. The Right of Way access to the hill starts on the minor road about 1km North East of Nant-glas and after 3km leads to the bwlch between the Television Station and Trig Point. The same path also leads to this point from the South starting at the village of Llanyre.
3.2) Summary of Survey Method

The survey started at the West Top the “summit” of which was marked with a small cairn close to a fence. Using level and staff, readings were taken around this area to locate the exact position of the highest point. Because of the build up of “thatch”, it was necessary to remove this at staff placements in order to reach solid ground. Once the highest point had been identified it was marked with a flag.

The line survey between the West and East Tops was carried out using the standard procedure for line surveying. The staff was held vertically at the West Top summit position and the level set up in a convenient position in the direction of the East Top. Once a set of readings had been taken (backsights BS) the staff was then moved beyond the level position and in the direction of the East Top, but the level was not moved apart from a rotation through 180 degrees to take another set of readings (Foresight FS). This process of alternately moving the staff and level was repeated until the final reading was taken with the staff on the summit position of the East Top. The whole process was then repeated in the reverse direction.
Since the highest point of the East Top had not been identified, this was carried out in the same manner as for the West Top, but from the last level placement used in the line survey carried out from West Top to East Top. The ground at the East Top was much firmer making identification of the highest point easier.
Ideally to eliminate any level systematic errors, the distances between backsight and foresight positions should be the same, but on a hill with some steep gradients this can be difficult to execute. However, measurements on the steeper gradients were carried out in a zigzag pattern which helped to balance the foresight and backsight distances.

In order to improve accuracy and eliminate errors from staff readings, “Triple Wire Levelling” was used. For this, readings were taken from the horizontal, lower and upper stadia lines of the level to obtain three sets of data. Once a set has been obtained, the average of the three readings was calculated and had to agree with the horizontal measurement to 1mm or better. If this level of agreement was not obtained, then the set of readings was re-taken.

3.3) West Top
The “summit” of the West Top had been marked with a small cairn. This was dismantled so that we could take staff measurements from the ground underneath it. However, the highest point of the West Top was identified in the grass just to the East side of the cairn although this was only 3-4cm higher than the ground underneath the cairn itself.

Ground about 50m to the west of this point also looked a possibility for the highest point but this was an illusion as a staff reading showed it to be 0.6m lower. 
The ten-figure Grid References measured for the West Top were:-

Garmin Etrex 

SO 00982 63408
Accuracy 5m
Height = 444m
Garmin Map 60CSx
SO 00984 63409
Accuracy 4m
Height = 449m
This compares with the GPS reading of SO 00984 63408 taken in September 2006.

3.4) East Top
The “summit” of the East Top was also marked with a cairn. Again this was dismantled so that staff measurements could be taken from the ground underneath it. However, the highest point was identified as the top of a rock 1.5m North of the cairn.
The ten-figure Grid References measured for the West Top were:-

Garmin Etrex 

SO 01609 63438
Accuracy 5m
Height = 446m
Garmin Map 60CSx
SO 01610 63436
Accuracy 4m
Height = 449m

This compares with the GPS reading of SO 01612 63436 taken in September 2006.

3.5) Line Surveys

The detailed measurements and results are contained within the table at the end of this report.

The two line surveys are in excellent agreement and show that the West and East Tops are very close in height but the East Top is the higher by just 0.07m.
4) Discussion of Results
The two line surveys show that the East Top is the higher by 7.3cm and 7.4cm respectively. Therefore, the closing error for this survey is only 1mm which gives us confidence in the accuracy of the results and the conclusion drawn from them. It is also demonstrating that our measurement techniques since 2006 have improved markedly.  In that survey we were only able to conclude that the two tops were within 0.1m of height of each other and we were not able to conclude which was the higher.

Since the height difference is so small we must critically assess the measurements and the method used to ensure that the overall conclusion is valid.
The highest point of the East Top was the top of a rock and consequently we are confident that this has been identified accurately, with an uncertainty of +/-1 to 2mm in height. The corresponding uncertainty for the West Top is greater as we had to remove thatch to reach “solid” ground. We would estimate that the potential height error introduced in doing this would be up to 20mm. However, this error would be the result of insufficient removal of thatch, which means that our measurement would have been higher than it should have been by up to 20mm. As the East Top was the higher anyway, the effect of this would be to make the true height difference greater than measured and therefore not change the conclusion.

Our experience using the level and staff is that a set of readings can be taken with a maximum error of 3mm. If the two surveys are combined, 25 sets of readings for each level position were taken in total. Therefore, the possible maximum error introduced is “Square Root (25) X 3” = 15mm. Clearly the 70mm for the height difference is much greater than this maximum error, and we can be confident that random errors in the measurements occurring in the instrument readings are not altering the conclusion. 
If the differences between the upper and lower stadia readings are multiplied by 100 then this gives the distances between the level and staff. An analysis of the data indicates that in the West Top to East Top line survey the cumulative distance over which Backsight and Foresight measurements were taken was 465m and 362m respectively. For the repeat line survey, these distances were 369m and 381m respectively. If the level was not pointing exactly horizontally due to a systematic error in the setup, then this error would cancel out for line surveys with identical Foresight and Backsight measurements. The distances for these measurements in the repeat line survey were very close but 100m different for the first line survey.  Therefore, we can conclude that as the closing error was so small, there is no evidence of a systematic mis-alignment in the level adjustment. 
5) The 1:25000 OS Map
The results from this survey show that the latest 1:25000 OS map is either incorrect or misleading. Unfortunately we did not pass exactly over the easterly 442m spot height in our survey and therefore do not have a relative height measurement for it. However, our 2006 survey showed that the highest point of the East top (and thus Rhiw Gwraidd) is within the 440m contour ring 160m to the East. Therefore, if a 442m spot height were placed in this contour, then the map would give hill walkers a clearer picture of the summit’s topography.
6) Summary
The summit of Rhiw Gwraidd is at GPS grid reference SO 01611 63437 and is the top of a rock 1.5m North of the cairn.

The West Top (442m spot height on the 1:25000 OS Map) is at grid reference SO 00983 63408 and is 0.07m lower. 

J Barnard and G V Jackson, 13 June 2010.
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Instrument:- Leica NA370 Automatic level  Date:- 11/06/2010

        Horizontal Line        Lower Stadia Line        Upper Stadia Line

Point Number Backsight BSForesight FSBacksight BSForesight FSBacksight BSForesight FSMean BS Mean FS Height Difference

metres metres metres metres metres metres metres metres metres

Survey from West Top to East Top (Level GJ, Staff  MP and Data Collection JB

1 0.284 3.705 0.221 3.590 0.347 3.821 0.284 3.705

2 0.565 4.825 0.445 4.660 0.686 4.989 0.565 4.825

3 2.125 4.576 1.991 4.464 2.261 4.688 2.126 4.576

4 0.272 4.841 0.194 4.693 0.349 4.990 0.272 4.841

5 0.460 3.781 0.390 3.544 0.531 4.019 0.460 3.781

6 0.896 0.301 0.721 0.223 1.071 0.380 0.896 0.301

7 4.040 1.016 3.977 0.937 4.103 1.095 4.040 1.016

8 4.203 0.393 4.142 0.303 4.265 0.482 4.203 0.393

9 4.511 0.859 4.417 0.753 4.602 0.967 4.510 0.860

10 4.587 0.889 4.453 0.791 4.722 0.988 4.587 0.889

11 2.184 0.494 1.858 0.289 2.512 0.698 2.185 0.494

12 1.898 2.052 1.360 1.730 2.438 2.373 1.899 2.052

13 2.371 0.592 1.901 0.537 2.839 0.644 2.370 0.591

SUM = 28.397 28.324 0.073

Survey from East Top to West Top (Level JB, Staff  GJ and Data Collection MP

1 0.592 3.142 0.537 2.835 0.644 3.453 0.591 3.143

2 2.451 3.534 2.138 3.175 2.761 3.890 2.450 3.533

3 2.714 2.125 2.437 1.695 2.991 2.559 2.714 2.126

4 1.181 3.839 0.985 3.700 1.377 3.978 1.181 3.839

5 0.291 3.910 0.218 3.813 0.362 4.006 0.290 3.910

6 0.557 4.643 0.466 4.575 0.650 4.710 0.558 4.643

7 0.756 4.796 0.688 4.654 0.824 4.942 0.756 4.797

8 2.500 0.602 2.218 0.558 2.784 0.646 2.501 0.602

9 4.595 1.252 4.485 1.199 4.705 1.305 4.595 1.252

10 4.726 0.698 4.619 0.631 4.835 0.765 4.727 0.698

11 4.366 0.395 4.232 0.251 4.499 0.540 4.366 0.395

12 4.337 0.201 4.196 0.146 4.480 0.256 4.338 0.201

SUM = 29.066 29.140 -0.074
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